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:::_::::::_:::;:>>':_"::<">:*Obesity Ms long been recognized as a major risk factor for the development of hypertension.'i:_:i_.:_i'.:.._.??!_::;/i:ilq::!._:_i:!::i:i.

Recently, insulin level has been slu_ to correlate with blood pressure in clinicaland population.
based studies. Since insulin is a major signal in the relationship between dietary intake and
sympathetic nervous system activity, the possibility that insulin-mediated sympathetic stimulation
is involved in the pathogenesis of hypertension in the obese has been raised. This hypothesis,
developed on the basis of studies in laboratory rodents and normal human subjects, is currently
being tested in the Normative Aging Study in Boston. Utilizing epidemiologic techniques applied
to this defined population, evidence in support of this hypothesis has been accumulated. The
preliminary results indicate that _'_this population, the abdominal form of obesity is associated with
higher insulin levels and increased 24.hour urinary n¢rrepinephrineexcretion (an index of sympa-
thetic activity). Ann Epidemiol 1991;1:295-303
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INTRODUCTION

The association of obesity and hypertension has been solidly established (1-6). Hyper-
tension, moreover, contributes substantially to the cardiovascular risk associated with

the obese state (1, 7, 8). The nature of the relationship between obesi W and hyperten-
sion, however, remains obscure. Recent studies demonstrating a relationship between

body fat distribution, insulin resistance and hyperinsulinemia, and blood pressure
(9-20) suggested the hypothesis depicted in Figure 1. This hypothesis may be summa-
rized as follows: (1) Obesity, principally in its centripetal or abdominal form, is

associated with insulin resistance and hyperinsulinemia; (2) hyperinsulinemia stimu-
lates the sympathetic nervous system (SNS), driving sympathetically mediated thet_no-
genesis and thereby increasing energy expenditure; and (3) the effects of insulin to

stimulate renal sodium reabsorption, and the effects of sympathetic stimulation oF the

kidneys, blood vessels, and heart, result in hypertension. According to this hypothesis,
insulin resistance and hyperinsulinemia are mechanisms recruited in the obese to limit

further weight gain by restoring energy balance. In physiologic terms, the price exacted
for this compensatory mechanism is chronic hyperinsulinemia and SNS stiraulation,

both of which might contribute to the development of hypertension (21). Central to
this hypothesis is the relationship between dietary intake and SNS activity.
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HGURE 1 Relationship between obesity, insulin, sympathetic nervous system (SNS) activity, insulin
thermogenesis, and blood pressure. See text for details. (Reprinted with permission of Oxford

University Press from Landsberg L, in f,_rterlyJournal of Medicine1986;61:1081-1090.) the I

Diet and SNS Activity admin
Dietary intake profoundly affects sympathetic activity: Fasting and caloric restriction SNS

suppresses, while overfeeding stimulates the SNS (22-25). Sympathetic responses to with
dietary intake are, moreover, nutrient specific; carbohydrate and fat stimulate the

SNS, even when total caloric intake is not increased (26-.28) while protein is without
effect (29). Although originally described in laboratory rodents, it is clear that diet

influences sympathetic activity in humans as well (30, 31). It is

Role of Insulin This
Evidence has accumulated that insulin-mediated glucose metabolism in neurons related status,
to the ventromedial hypothalamus play a critical role in the relationship between diet

and sympathetic activity (32). A signaling mechanism between the periphery and the may

central nervous system is obviously required since sympathetic outflow is regulated at origins
the level of the hypothalamus and brainstem. Initial clues implicating glucose in this drate
relationship were derived from studies of experimental hypoglycemia; decreased blood

glucose levels in different circumstances (33, 34) diminished SNS activity despite the
concomitant stimulation of the adrenal medulla. The importance of glucose metabolism
was demonstrated by studies involving 2-deoxy-D-glucose. This agent, which dimin-

ishes intracellular glucose metabolism, suppressed sympathetic activity despite an for

increase in blood glucose level and an increase in dietary intake (35). A role fbr insulin increasi
in this relationship was demonstrated by the fact that experimental diabetes diminished here

sympathetic activity despite hyperglycemia and hyperphagia(36) and that insulin bolic
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FIGURE 2 Insulin-mediatedglucose metabolismin the regulation of sympathetic nervous
system(SNS) activity. Duringfasting,diminishedglucoseand insulinlevelsdecreaseintracellu-
lar glucosemetabolismin critical central neurons related to the ventromedial hypothalamus
(VMH). This decrease in glucosemetabolismstimulates an inhibitory pathway, resulting in
suppressedsympatheticoutflow. Conversely,duringcarbohydrate intake or in the presenceof

,oussystem(SNS) activity, insulin resistance, in which both glucose and insulin levels are increased, insulin-mediated
with permissionof Oxford glucosemetabolismin these samecells is increased.This resultsin suppressionof the inhibitorypathwaywitha resultant increasein sympatheticoutflowfromtonically active lowercenters in
_36;61:1081-1090.) the bminstem. (Reprintedwith permissionof W. B.Saundersfrom ClinicsinEndocrinology.and

Metabolism1984;13:475-499.)

administration, with sufficient carbohydrate to avoid hypoglycemia, stimulated the
g and caloric restriction SNS in both rats (37) and humans (38). Ablation of insulin-glucose-sensitive neurons
ympathetic responses to with gold thioglucose in mice, furthermore, completely obliterated diet-induced
e and fat stimulate the changes in SNS activity (39). These relationships are summarized in Figure 2.
while protein is without

nts, it is clear that diet Physiologic Significance of Dietary Changes in SNS Activity
It is reasonably well established that diet-induced changes in sympathetic activity
contribute importantly to the phenomenon known as dietary thermogenesis (40-43).
This term refers to alterations in metabolic rate induced by changes in nutritional

olism in neuronsrelated status, and includes the effect of antecedent diet on the resting metabolic rate.
lationship between diet Suppression of sympathetically mediated thermogenesis by fasting or caloric restriction
a the periphery and the may have evolved as a mechanism to conserve calories during periods of famine. The
: outflow is regulated at origins of increased sympathetically mediated thermogenesis in response to earbohy-
_licating glucose in this drate and fat intake are less clear but may be related to the need to secure adequate
cemia; decreased blood supplies of nitrogen in the face of protein-deficient diets (28, 44). By overeating a
NS activity despite the subsistence diet low in protein, an organism would be able to satisfy basic nitrogen
e ofglucose metabolism requirements for growth and development while dissipating the excess calories and
is agent, which dimin- avoiding obesity. Whatever the evolutionary origins, it should be clear that the capacity
tic activity despite an for sympathetically mediated thermogenesis conveys resistance to weight gain by
(35). A role for insulin increasing metabolic rate and hence energy expenditure. The hypothesis developed
tai diabetes diminished here predicts that the hyperinsulinemia of obesity drives the SNS and increases meta-

(36) and that insulin bolic rate (see Figure 1) as a mechanism recruited to limit further weight gain and
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FIGURE3 "Smtx_thed"basalinsulinlevelsasafunctionof ageplottedbytertilesofabdominal
circumference.Basal insulin is in _IU/mL. Note that the lowestinsulin levelsoccur in those
with the smallestabdominalgirth, whereasthe highest fastinginsulin levelsarenoted in those
with the greatestabdominalcircumference.

stabilize body weight. The portion of this hypothesis that predicts increased insulin-
mediated sympathetic stimulation in subjects with abdominal obesity is being tested
in the population-based Normative Aging Study in Boston. Preliminary results of these
studies are reported here.

MATERIALS AND METHODS

The Normative Aging Study has been previously described in detail (45). Subjects
involved in this study report for examinations every 3 to 5 years. In addition to the
ongoing observations that include a physical and anthropometric examination and
blood and urine tests, participating subjects provided a 24-hour urine collection that
was analyzed for catecholamines, and blood for insulin determinations in the fasting
state. Urinary norepinephrine and epinephrine levels were determined on the 24-hour
urine sample utilizing high-performance liquid chromatography (HPLC) with electro-
chemical detection (46, 47). The intra-assay coefficient of variation for the urine
samples was 4 to 6% and the interassay coefficient of variation was 6 to 7%. Results
were corrected for recovery by an internal standard. Insulin was determined by a solid-
phase radioimmunoassay in the GCRC Core Lalx_ratoryof the Beth Israel Hospital
(Coat-A-Count insulin 1987; Diagnostic Products Corporation, Los Angeles, CA).
Abdomen circumference was measured to the nearest 1.0 cm at the level of the

umbilicus, perpendicular to the axis of the body. All measurements were made with RESULTS

the subjects in undershorts and socks, standing erect with feet together.
The 24-hour urine samples were collected at home by the participants and brought

to the Normative Aging Study at the time of examination. All participating subjects

: completed a questionnaire eliciting information on the urine collection, including:.,.:: .,.: ..,>>.

_._-
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3lotted by tertiles of abdominal FIGURE 4 "Smoothed" norepinephrine excretion levels as a function of age by tertiles of
t insulin levelsoccur in those abdominalcircumference.Norepinephrine is represented as p.g/24 h. Note that the subjects
sulin levelsarenoted in those with the greatestabdominalgirth excretedthe mostnorepinephrine.The patternresemblesthat

shown for insulin in Figure3.

times of collection, miscollections, spilled urine, and medication use. Data were
predicts increased insulin- collected from examinations conducted between February 1987 and May 1989. Eight3'-
inal obesity is being tested one percent of the subjects provided a 24-hour urine sample. After exclusions on the
Preliminary results of these basis of inadequate urine volumes or collection times, medication use (L-dopa, methyl

dopa, or insulins), or missing values for one or more of the study variables, 542
observations of carecholamine excretion were available for the present evaluation. Six
hundred fifty-two subjects were included in the analysis involving fasting insulin level.

The data are presented as basal insulin (pJU/mL) or 24-hour catecholamine

:d in detail (45). Subjects excretion (/_g/24 h) as a fimction of age for the lowcst, middle, and highest tertile of
years. In addition to the abdominal circumference of the study population.

_ometric examination and Smoothed curves were estimated for basal insulin and 24-hour urinary norepineph-
hour urine collection that rine and epinephrine levels by tertile of abdomen circumference versus age, using the

:erminations in the fasting methods and algorithm proposed by Friedman and Stuetzle (48). This nonparametric
]etermined on the 24-hour graphic curve estimation technique estimates a value for urinary norepinephrine at any

phy (HPLC) with electro- age by fitting a least-squares straight line to all the urinary norepinephrine values
within a given abdomen circumference tertile at a particular age. Although linear inof variation for the urine

,tion was 6 to 7%. Results the "neighborhood" of a particular age value, the technique both is sensitive to the
was determined by a solid- amount of data at any age and accommodates changes in slope of the least-squares

estimator such that the overall curve is not constrained to be linear and reflects the
f the Beth Israel Hospital
ation, Los Angeles, CA). mass of the data at any age value (49).
0 cm at the level of the

urements were made with RESULTS
feet together.
e participants and brought The relationship between basal insulin levels and abdominal circumference as a func-
All participating subjects tion of age is shown in Figure 3. Throughout the entire age range of the population,

rine collection, including subjects with the greatest abdominal girth had the highest fasting insulin levels, while



300 Landsberg et al AEP Vol. I, No. 4 : AEP Vol. 1,
OBESITY AND THE SYMPATHETIC NERVOUS SYS_I'EM May 1991:295-303 Idn'y 199i:

i

Smoothed Epinephrine on Age
by Terti_es of Abdomen Circumference

(_-s42)

5': .........

4 r
45 5'o ss 6'o _'5 7'o 75

Age
Abdomen Circumference:_ LowestTertile

MiddleTertile
HighestTed.ile

FIGURE 5 "Smoothed" epinephrine excretion levels as a function of age by terriles of
abdominal circumference. Epinephrine excretion is represented as _g/24 h. Note the inverse

relationship between abdominal girth and epinephrine excretion, a pattern opposite that demon-
strated for norepinephrine shown in Figure 4. Note also the decrease in epineprhine excretion
with age.

: those with the lowest abdominal girth had.the lowest levels of insulin. The relationship
between norepinephrine excretion and abdominal circumference as a function of age
is shown in Figure 4. The pattern resembles that noted for a fasting insulin ahhough
the differences among the tertiles of"abdominal circumference are most marked in
individuals below the age of 65. The difference isalso greatest between the middle and
the highest tertile of abdominal circumference. Epinephrine secretion, on the other
hand, follows adifferent pattern (Figure 5). Abdominal girth and epinephrine excretion
are inversely related; those individuals in the highest tertile of abdominal circumference
have lower 24-hour urinary excretion levels of epinephrine. Epinephrine excretion
also tends to diminish after the age of 60 years. Body mass index (data not shown) has
a similar relationship to catecholamine excretion as does abdominal circumference.
These nonparametric smoothed curves do not provide a measure of variability by which
we can calculate statistical significance of the tertile differences reported here. Data
analysis with conventional parametric tectmiques does allow assessment of the statisti-
cal significance of these differences. Regression analysis indicates a significant direct
relationship between insulin level and abdominal circumference, and urinary norepi-
nephrine excretion and abdominal circumference. An inverse relationship between
abdominal circumference and epinephrine excretion is also significant.

DISCUSSION

The relationship between abdominal girth and fasting insulin levels demonstrated here
for the Normative Aging Study population isconsistent with a large body of evidence
linking the upper body, abdominal form of obesity to hyperinsulinemia and insulin resis-

:H::
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tance (9, 16, 50). The relationship between abdominalgirth and urinarynorepinephrine
excretion, on the other hand, has not been previously reported. Since urinary norepi-

nephrine excretion provides an integrated measure of plasma norepinephrine levels over
time, enriched by sympathetic activity directed at the kidney (51), these results are
consistentwith increased sympathetic activity in the obese. This observation isof interest

since the relationship between obesity and SNS activity is an area of continuing contro-
versy. Since some genetic rodent models of obesity are associated with diminished sympa-
thetic activity (52--.55), an "autonomic hypothesis" has been developed in which dimin-

ished sympathetic activity is hypothesized to contribute to the development of obesity

by impairing sympathetically mediated thennogenesis, thereby increasing metabolic el-. ficiency. Studies in humans produced evidence of diminished, unchanged, or increased
SNS activity (56). In the group of obese subjects studied here, the abdominal form of

obesity appears to be associated with enhanced SNS activity.
The parallelism between fasting insulin levels and urinary norepinephrine excretion

demonstrated in Figures 3 and 4 is consistent with, but does not prove, that insulin is

involved in sympathetic stimulation, as suggested in the hypothesis outlined in Figure 1.
Further studies are necessary to demonstrate the linkage between insulin and the SNS.

The different pattern demonstrated for epinephrine excretion (see Figure 5) enhances the
specificity of the changes demonstrated with norepinephrine. The inverse relationship to

f age by tertiles of abdominal girth makes it unlikely that nonspecific effects related to [xxty size influenced
h. Note the inverse catecholamine excretion since, under these circumstances, norepinephrine and epi-

9posite that demon- nephrine should behave similarly. Suppression of epinephrine with elevated insulin and
ineprhine excretion glucose levels has been shown to occur in clinical studies (57), an observation reproduced

in this population-based study• These observations also provide further evidence of disso-

ciation between SNS and adrenal medullary responses, a dissociation that was demon-
strated previously in experimental animals (31).

• The relationship
;a function of age
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